H uman parvovirus B19, a small nonlipid-enveloped DNA virus, is the causative agent of fifth disease (erythema infectiosum), a mild and usually self-limited childhood disease in which most infections occur between ages 5 and 15.
1 Approximately 40 to 60 percent of adults over 20 years old have protective antibodies.
2 Acute infections in adults usually have a benign course. If symptoms occur, symmetric polyarthralgias are prominent, especially in women, but rash, fever, malaise, and gastrointestinal symptoms can also occur.
3,4 Parvovirus B19 infects erythroid progenitor cells, and, in patients with compensated chronic hemolytic anemias, such as sickle cell disease, thalassemia, or spherocytosis, that can lead to a suppression of erythropoiesis with a sudden severe worsening of anemia. 5 A pregnant woman can transmit the infection to her fetus, causing anemia and heart failure, which can lead to hydrops fetalis and intrauterine death.
6,7 Chronic infection with persistent anemia can occur in patients with immune defects and was reported in patients with HIV infection, congenital immunodeficiency, and malignancies and in organ transplant recipients. 5 However, chronic infection has been observed in a presumably healthy person, 8 and reinfections seem to be possible. 9 Rare manifestations ascribed or linked to B19 infection include meningitis, encephalitis, hepatitis, myocarditis, 5 neuropathies, 10 fibromyalgia, 11 polyarteritis nodosa, 12 and vascular and Schönlein-Henoch purpura.
5
The main route of parvovirus B19 transmission is thought to be through respiratory droplets. After intranasal inoculation of parvovirus B19 into healthy subjects, viremia was first detected by 6 days, persisted for up to 7 days, and was accompanied by mild symptoms and development of specific antibodies. Rash and arthralgia started to develop by Day 17 or 18 after inoculation.
9
Parvovirus B19 can be transmitted from asymptomatic blood donors to the recipients of their blood components.
5, 13 High rates of seroconversion, [14] [15] [16] [17] [18] [19] as well as a few cases of symptomatic illness 20, 21 and hypoplastic anemia, 22, 23 have been described in patients receiving clotting factor concentrates, which were derived from large plasma pools. 5 The virus is relatively heat-stable, and it resists treatment with solvents and detergents. 13 found by PCR in plasma-derived clotting factor concentrates from various manufacturers and treated with different virus-inactivation methods by many investigators. [24] [25] [26] [27] [28] [29] Clinically evident transfusion-transmitted B19 infection, however, is infrequent, even in susceptible hosts such as HIV-infected hemophilia patients receiving clotting factor concentrates. 5 There have been at least two reports of transfusion-transmitted parvovirus infection from single-donor components, namely RBCs 30 and platelets. 31 We describe a case of symptomatic parvovirus B19 infection after the infusion of solvent/detergent-treated pooled plasma (S/D plasma), which was subsequently implicated in a voluntary recall after high levels of infectious parvovirus B19 DNA were detected in the corresponding plasma lots.
CASE REPORT
The patient is a 36-year-old woman with a 10-month history of myasthenia gravis that was poorly responsive to mestinon, prednisone, and azathioprine, as well as to IV immune globulin (IVIG), which had been administered on December 10 and 11, 1998. She also had a history of Hashimoto's thyroiditis and systemic lupus erythematosus with only mild arthralgias in the past that were readily treated with ibuprofen. She did not have any dermatologic manifestations. As treatment for her myasthenia gravis, she underwent five plasma exchange procedures from January 15 to January 25 using 2300 to 2900 mL of 5-percent albumin (Buminate 5%, Baxter Healthcare Corp., Glendale, CA; Albumarc 5%, Baxter; and Albutein 5%, Alpha Therapeutic Corp., Los Angeles, CA) as exchange fluid, which resulted in mild improvement of her proximal muscle weakness. The medications the patient received during the period of the plasma exchange procedures were azathioprine, mestinon, thyroxine, and estrogen. Her fibrinogen level was 98 mg per dL before the fourth procedure, and, even though she had no bleeding, she was given a total of 5 units (1000 mL total volume) of S/D plasma (PLAS+SD, V.I. Technologies, Melville, NY) at the end of her fourth and fifth treatment. Preprocedure international normalized ratio (INR) and partial thromboplastin time were in the normal range, and platelet counts were 159 and 166 × 10 9 per L. Fibrinogen was 145 mg per dL on January 25, 1999. Her Hb level ranged from 10.7 to 11.5 g per dL and her WBC count from 5.1 to 6.7 × 10 9 per L. One unit of S/D plasma infused on January 22, 1999, and all 3 units infused on January 25, 1999, were implicated in a subsequent recall of S/D plasma lots conducted by the American Red Cross after high levels of infectious parvovirus B19 DNA had been detected by the manufacturer in several lots.
We subsequently interviewed the patient, who reported that, during the second week of February, approximately 2 to 3 weeks after receiving S/D plasma, she had developed an illness, that began with mild rhinorrhea and fatigue. This was followed by severe generalized symmetric polyarthralgias that were poorly relieved by ibuprofen and a lacy erythematous rash on her extremities, which lasted about 7 days. She had no fever, sore throat, or gastrointestinal symptoms. When her symptoms started to resolve, she resumed work and was tested for parvovirus B19 antibodies on February 19, 1999 . Her test results were positive for IgM and IgG. The signal-to-cutoff (S:CO) ratio for IgM was 1.68 and that for IgG was 1.49. A S/CO of >1.20 is interpreted as positive. The antibody test used was an EIA (Microbiology Reference Laboratory, Cypress, CA) with confirmation testing of IgM antibodies by an indirect immunofluorescence assay (Microbiology Reference Laboratory). On a follow-up test on May 27, 1999, performed in the same laboratory with the same test system, the IgM was no longer positive (IgM, 0.89 S/CO) and IgG rose to 5.42 S/CO, which is consistent with a recent infection. She recalled no history of contact with others infected with or recently exposed to parvovirus B19 infection. Her illness resolved without further treatment. Two weeks after her illness, her blood counts were similar to those performed previously: platelet count 206 × 10 9 per L, WBC count 5.3 × 10 9 per L, and Hb 10.9 g per dL.
DISCUSSION
Treatment of plasma with the solvent tri(n-butyl)phosphate and the detergent Triton-X 100 inactivates lipid-enveloped viruses such as HIV, HBV, and HCV. 32 Viruses such as HAV or parvovirus B19 that lack the lipid envelope are not inactivated. Because S/D plasma is prepared from the blood of donors who are representative of the general community, about half of the units of donated plasma contain antibodies to parvovirus. Neutralizing antibodies are therefore contained in S/D plasma, which is derived from pooled plasma from up to 2500 volunteer donations. These antibodies could potentially prevent infection in the recipient. However, the amount of antibody needed to prevent transmission by a blood component containing parvovirus B19 has not been established. 33 IVIG is recommended as therapy in chronic parvovirus B19 infection, 34, 35 as it has effectively eliminated viremia and symptoms. 31 The amount of antibody required to protect against or cure parvovirus B19 infection with IVIG is not known, and one possible parvovirus transmission from IVIG has been reported. 36 Using PCR, B19 DNA has been detected in 3 of 4 lots of IM immune globulin (IMIG) and 3 of 15 lots of IVIG by one group, 28 whereas McOmish et al. 27 did not find B19 DNA in 10 lots of IVIG preparations. Our patient had received two infusions of IVIG to treat myasthenia gravis approximately 60 days before the onset of her symptoms. Because rash and arthralgias occur 2 to 3 weeks after infection by the virus, 9 IVIG is unlikely to be the cause of her parvovirus infection. Passive acquisition of the antibody from either IVIG or S/D plasma would not explain her seroconversion pattern of a declining IgM parvovirus antibody and a rising IgG level. Our patient received albumin during the course of her treatment, and this should be considered as a potential source of the infection. Saldanha et al. 28 found parvovirus B19 DNA in 1 to 3 of 12 lots of albumin, which contained the lowest levels of B19 DNA of various tested blood components (<10 2 -10 3 genome equivalents/mL). Higher levels were found in IVIG, IMIG, and clotting factor concentrates that had levels of 10 4 to 10 6 genome equivalents per mL. In contrast, Lefrère et al. 37 had negative results in all 29 albumin batches from two manufacturers. It is interesting that B19 DNA has also been found in 5 of 30 lots of recombinant factor VIII concentrates that were not derived from human plasma. 38 This finding was attributed to the albumin used as stabilizer.
The presence of B19 DNA in plasma derivatives, especially if in low concentrations, does not mean that these products can transmit infection, as the viability of the virus may have been destroyed during processing. 24, [26] [27] [28] [29] This may explain the results of PCR testing, which did not correlate with infectivity assays in factor VIII concentrates spiked with canine parvovirus before terminal dry-heat treatment.
39 B19 DNA is infrequently found in albumin, and, when it is detected, the B19 DNA content is low. In addition, albumin is heat-treated for 10 hours at 60°C, which results in a reduction of at least 10 4 genome equivalents. 28 Conversely, the parvovirus B19 content of some of the S/D plasma lots used in our case was reported by the manufacturer to be greater than 10 7 genome equivalents per mL, which was the level that was found by the manufacturer to have caused B19 viremia and seroconversion in healthy subjects. Thus, we do not consider albumin to be the source of parvovirus infection in our patient.
Our patient had been diagnosed with systemic lupus erythematosus 2 years previously, on the basis of antinuclear antibodies and mild arthralgias that were readily treated with ibuprofen. Before her recent parvovirus infection, she had never had severe joint pain, lupus skin eruptions, or any other severe manifestation. The rash she developed during her acute illness after S/D plasma treatment was not suggestive of lupus, and her severe symmetric polyarthralgias were consistent with acute parvoviral infection.
Plasma was infused to our patient at the end of her fourth plasma exchange, because of a fibrinogen level below 100 mg per dL found before the plasma exchange. The patient was not bleeding and the hypofibrinogenemia was due to the use of albumin as a replacement fluid. S/D plasma was also given at the end of her fifth exchange, despite the absence of bleeding and a fibrinogen level above 100 mg per dL. This was inappropriate, and we have lowered our threshold to 50 mg per dL in nonbleeding patients.
Viremia in asymptomatic blood donors is of concern, especially in connection with S/D plasma derived from large pools. Titers of 5 × 10 10 genome equivalents per mL have been found in some donors. 27 The prevalence of viremia in healthy blood donors has been studied by several groups with variable results that depend on the sensitivity of the assay; the rates are generally higher during epidemics. 25 In a study of 20,000 donors, the prevalence of B19 DNA detected by PCR was 1 per 3,300, 27 and, during an epidemic in Japan, it was as high as 1 per 167. 40 A more recent study in which US voluntary blood donors were screened for B19 DNA indicated a prevalence of 0.1 percent (11/9,568). 41 Therefore, most plasma pools from which S/D plasma is manufactured will contain parvovirus B19 DNA. Subsequent to the recall and in conjunction with the FDA, the S/ D plasma manufacturer has instituted steps whereby all lots are now screened by PCR for parvovirus B19 DNA. Lots containing viral loads that have been associated with seroconversion in healthy volunteers are no longer distributed. S/D plasma released for transfusion may contain parvovirus B19 DNA and specific antibodies, but the B19 DNA antibody titers, if present, are at low levels that did not lead to seroconversion in experimental subjects. The S/D plasma is therefore considered noninfectious.
We conclude that our patient's clinical illness, which was consistent with parvovirus infection and accompanied by seroconversion, was acquired via infusion of S/D plasma containing high levels of parvovirus B19. 
